Abstract: In this paper we report the first remains of caviomorph rodents from the karst of the Parque Nacional de Ubajara, Ceará State, northeastern Brazil, collected with precise stratigraphic and radiometric control. The material is derived from levels with thermoluminescence dating of about 8,000 years BP, corresponding to the early Holocene. In these levels, we found remains of Kerodon rupestris Wied, 1820, cf. Dasyprocta Illiger, 1811 and Thrichomys Trouessart, 1880. The data here reported contribute to the knowledge of Brazilian Quaternary rodents and show the potential of the studied area for fossils.
INTRODUCTION
Caviomorphs are South American hystricognath rodents that arrived on the continent probably during the Eocene (Wyss et al., 1993; Poux et al., 2006; Antoine et al., 2011) . During the Cenozoic, the group achieved great ecological and morphological diversity and occupied several niches. The oldest records of this group in Brazil are from the Oligocene Tremembé Formation (Vucetich et al., 1993; Vucetich and Ribeiro, 2003) and the Miocene of Acre State (see Negri et al., 2010) . Younger records are exclusively from the late Quaternary. However, these records are poorly studied. Recent studies from several Quaternary localities in South America have shown interesting results, with descriptions of new taxa and different paleobiogeographic patterns in comparison with the modern fauna (e.g., Cartelle and Lessa, 1989; Vucetich et al., 1997; Vucetich and Verzi, 2002; Ubilla et al., 2008; Hadler et al., 2008; Kerber et al., 2011a, b; Rodrigues et al., 2011) . The cited papers demonstrate the need to use multiple approaches to understand the evolution of South American Quaternary rodents.
In northeastern Brazil several records of Quaternary mammals have been reported, mainly from karsts and tanques. But the small mammals are poorly studied in comparison with the large-and medium-bodied taxa and are often not recovered with associated stratigraphic or radiometric data. During July 2009, an expedition to the caves of the Parque Nacional de Ubajara, Ceará State, northeast Brazil, was made to collect fossil remains with precise stratigraphic and radiometric control. In this paper, we describe the remains of caviomorph rodents collected during this expedition.
MATERIAL AND METHODS
The remains are deposited in the paleovertebrate collection of the Museu Dom José. They comprise nine specimens, including isolated teeth and fragments of dentary and maxilla.
Dental nomenclature follows Quintana (1996) for Caviidae and Patterson and Wood (1982) for Echimyidae and Dasyproctidae. However, these nomenclatures do not reflect any opinion on the homologies of these structures. The anatomical nomenclature of the dentary of Cavioidea follows Pérez (2010 
LOCATION AND GEOLOGICAL SETTING
The Parque Nacional de Ubajara, located in Ubajara Municipality (Fig. 1) , in the Ibiapaba Cuesta region in northwestern Ceará (northeast Brazil), has a significant karst system. According to IBAMA (2002) the speleological province of the Ubajara region consists of nine limestone hills, in which fourteen caves are known to date. The limestone rock outcrops in the region correspond to the Neoproterozoic Frecheirinha Formation of the Ubajara Group of the Ubajara Graben (Quadros, 1996; CPRM, 2003) . The Ubajara Group has an upper discordant contact with the Silurian-Devonian Serra Grande Group of the Parnaíba Basin. Among the limestone hills in the studied area stands Pendurado Hill, with two caves, Urso Fó ssil and Pendurado.
Previous published information about the Quaternary mammals from this area includes a bear skull and mandible assigned to Arctotherium brasiliense (Lund, 1840) described by Trajano and Ferrarezzi (1994) . These remains were found in the Urso Fó ssil cave (03u499580 S, 40u53934.40 W). The material studied here was found in one room of this cave, the Sala da Entrada. In this room we made a stratigraphically controlled excavation, exposing three levels of sedimentary deposition. A geological section provided information about unconsolidated accumulations of sediments of both allochthonous and autochthonous origin, from top to bottom ( Fig. 2 ):
Level 1: 0.15 m thick, is composed of clayey calcareous sediments, light yellowish in color, containing small allochthonous fragments (0.5-1 cm) of amorphous and angular limestone, as well as a great amount of recent seeds and excrement.
Level 2: 0.35 m thick, is composed of clayey sediment, light gray in color, containing allochthonous fragments of limestone (greater than 2 cm), some small geodes and fragments (approximately 10 cm) of stalactites and others speleothems, showing at times, concentration of iron oxide. It contains, at the top, a high concentration of two types of seeds that are still undetermined; toward the bottom of the layer, some complete shells and numerous shell fragments have accumulated. There are some small droppings covered by powdered carbonate, but still unconsolidated. At about 20 cm from the top of this layer, we collected sediment samples for thermoluminescence dating in a PVC pipe and then, below, for recovery of palynomorphs. We also collected three species of gastropods and numerous bone fragments of Didelphimorphia, Xenarthra, and Rodentia. Geographic and stratigraphic provenance: Parque Nacional de Ubajara, Pendurado Hill, Urso Fó ssil cave: Sala da Entrada, levels 2 and 3. Description: The dentary has the anteriormost area of the horizontal crest (sensu Pérez, 2010) at the level of the mesial area of the p4, and the anteriormost area of the notch for the insertion of the tendon of the masseter medialis pars infraorbitalis muscle (sensu Woods and Howland, 1979; and Pérez, 2010 ) is located below the pr. I of the m1 alveolus. The symphysis is narrow and long. The mental foramen is positioned on the lateral side of the diastema. In medial view, the alveolus of the incisor extends posteriorly up to the level of the pr. II of p4 and pr. I of the m1 contact. The p4 is euhypsodont, and the anterior additional elongation is well developed, as a true prism. The anterior additional elongation and the prisms are transversally oriented, increasing in size distally. The prisms are united by a thin and very short isthmus. On the lingual surface of the tooth there are two poorly developed furrows, one on the pr. II and another on the additional elongation. The hypoflexid extends almost the entire width of the tooth. In the lingual ends of the labial flexids there is cement. Discussion: Traditionally, Kerodon was considered a member of the Caviinae. However, recent studies have considered it more closely related to the Hydrochoeridae (see Rowe and Honeycutt, 2002) . In the cladistic analysis of Pérez (2010) , Kerodon is the sister group of Cardiomys Ameghino, 1885 (Caviidae: Cardiomyinae) plus the Hydrochoeridae.
The specimens here reported differ from the other Quaternary caviids, such as Galea Meyen, 1832, Microcavia Gervais & Ameghino, 1880 and Cavia Pallas, 1766, in the presence of a longer and narrower symphysis and a triprismatic p4. Currently, the genus Kerodon has two extant species: K. acrobata Moojen, Locks & Langguth, 1997 and K. rupestris, the latter being recorded in the Parque Nacional de Ubajara (Guedes et al., 2000) . The fossil specimens share with both taxa the anterior area having a horizontal crest at the level of the p4, the anterior area of the notch for the insertion of the tendon of the masseter medialis pars infraorbitalis muscle located below the pr. I of the m1, and a triprismatic p4 with labial furrows. However, they are different from K. acrobata in the presence of the anterior area of the horizontal crest being less prominent anteriorly and in having a smaller symphysis, diastema, and height of the dentary (Table 1 ; Fig. 4) .
Kerodon are often associated with rocky and dry environments from Caatinga and Cerrado (Oliveira and Bonvicino, 2006) . The fossil record of this taxon is very scarce. The only records are from the late Pleistocene/ Holocene of northeast Brazil (Guérin et al., 1993; Lessa et al., 2008; Rodrigues et al., 2011) . These records are within the modern range of K. rupestris. Lessa and Gonçalves (1999) reported specimens of K. rupestris from the late Pleistocene/Holocene of Bahia, these being larger than the Recent specimens. This fact was not observed in the specimens analyzed here.
Dasyproctidae Smith, 1842 cf. Dasyprocta Illiger, 1811 ( Geographic and stratigraphic provenance: Parque Nacional de Ubajara, Pendurado Hill, Urso Fó ssil cave: Sala da Entrada, level 3. Description: The description is based on MDJ M-882, which is better preserved (Fig. 5A) . The tooth has a subrectangular outline, and the distal enamel layer is more curved than the mesial. It is protohypsodont, and the degree of hypsodonty is similar to that seen in Dasyprocta and Myoprocta and distinct from the Quaternary dasyproctid Plesiaguti Vucetich & Verzi, 2002 , in which it is less hypsodont. It is pentalophodont, such as in the living dasyproctids (Dasyprocta and Myoprocta), and the lingual flexids are closed, forming fossetids. The lingual end of the hypoflexid is opposite the tip of the fourth flexid, but they are not confluent. The second and third flexids are connected by their labial ends, and the third lophid is interrupted. Measurements of MDJ M-882: Mesiodistal length -4.36 mm; Linguolabial width -3.94 mm. Discussion: The morphology of the teeth of Dasyprocta and Myoprocta are similar, but in Dasyprocta they are larger. The specimens described here are slightly larger than Myoprocta specimens used for comparison, and they are within the variation of D. prymnolopha (Table 2) .
The living Dasyprocta include several species that inhabit almost all lowland tropical forest areas in the South and Central Americas. In Brazil, the review of IackXimenes (1999) Guedes et al. (2000) , the only living dasyproctid in the Parque Nacional de Ubajara is D. prymnolopha. The living species of Dasyprocta are terrestrial and are often associated with water bodies, feeding mainly on fruits, seeds, roots, and leaves (Oliveira and Bonvicino, 2006) . The fossil record of this genus is very scarce. According to Vucetich and Verzi (1994) , the living Couto, 1971; 1978; Salles et al., 1999; Toledo et al., 1999; Lessa et al., 2008) . There is no definitive fossil record of Myoprocta. (Fig. 6 ) Material: MDJ M-891, fragment of left maxilla with DP4, M1 and M2; MDJ M-892, fragmented dentary with dp4 and m1; MDJ M-893, fragmented dentary with dp4 and m2. Geographic and stratigraphic provenance: Parque Nacional de Ubajara, Pendurado Hill, Urso Fó ssil cave, Salã o dos Blocos Abatidos; Sala da Entrada, level 3. Description: In MDJ M-891, DP4-M2 are similar. Both are trilophodont; however, the M2 has a small fosset in the posteroloph. This fosset is present in some comparative specimens of T. apereoides (e.g., MN 63198), but it is reduced (e.g., MN 63200), or absent (e.g., MN 63199) in older individuals. The protocone is slightly distally oriented, and the linguodistal area of the teeth forms a slightly acute angle, more evident in the M1. The lingual area of the anteroloph, the paracone, and the metacone are transversally oriented. All the labial flexi are open, transversally oriented, and extend up to the middle of the occlusal surface, not surpassing the tip of the hypoflexus. The hypoflexus is oblique, slightly mesially oriented, and less developed than the labial flexi, and its labial end is opposite the first labial flexus.
The dp4 (MDJ M-893) is tetralophodont, with a welldeveloped metalophid. This character differs from other echimyids traditionally grouped in the ''Eumysopinae'' (see Verzi et al., 1995) , such as Euryzygomatomys Goeldi, 1901 and Clyomys Thomas, 1916 , in which the p4 is trilophodont, with an absent or much reduced metalophid (Verzi et al., 1995; Hadler et al., 2008) . The m2 of this specimen is little worn, with the lingual flexids still open and the posterolophid isolated from the anterior elements. The m3 is not erupted. MDJ M-892 is an old individual with the dp4 deeply worn and the m1 with all flexids transformed into fossettids (hypofossettid and two lingual fossettids).
In the dentary (MDJ M-893, MDJ M-892), the masseteric crest is tilted, and its anterior area is at the level of the dp4. Considering the comparative specimens, the fossils share with T. aperoides the masseteric crest being less developed and the masseteric fossa being less deep than in T. pachyurus and T. inermis. Discussion: The subfamily ''Eumysopinae'' comprises the echimyids with a simplified occlusal pattern, with trilophodont molars. Traditionally, the Eumysopinae encompasses the living taxa Thrichomys, Carterodon Waterhouse, 1848 , Clyomys, Euryzygomatomys, Hoplomys Allen, 1908 , Lonchothrix Thomas, 1920 , Mesomys Wagner, 1845 , Proechimys Allen, 1899 , and Trinomys Thomas, 1921 and diverse fossil taxa, mainly from the Tertiary of Argentina. Verzi et al. (1995) considered Eumysopinae as a natural group. However, in morphological and molecular cladistic analyses, this subfamily does not form a monophyletic group (e.g., Lara et al., 1996; Carvalho and Salles, 2004; Emmons, 2005; Galewski et al., 2005) .
Currently, the genus Thrichomys has a complex taxonomic history. Some authors have considered it a single valid species, T. apereoides (Lund, 1839), with several subspecies (see Reis and Pessô a, 2004) , while others considered it to include, at the very least, four species: T. apereoides, T. pachyurus (Wagner, 1841), T. inermis (Pictet, 1841) and T. laurentius Thomas, 1904 (see Oliveira and Bonvicino, 2006) . Pessô a et al. (2004) , on the basis of chromosomal and morphometric analyses recognized at least two well-defined species: T. apereoides and T. pachyurus. Recently, Neves and Pessô a (2011) described some cranial traits to distinguish T. pachyurus, T. inermis, and T. laurentius, but unfortunately, these characters are not preserved in the fossil specimens. In size, the fossil specimens do not differ significantly from the comparative specimens (Tables 3 and 4) . Thus, the remains here reported are assigned to Thrichomys sp. due to the fragmentary condition of the material. In recent times, T. apereoides has been reported in the Parque Nacional de Ubajara (Guedes et al., 2000) .
Thrichomys is a scansorial rodent and has been found in several areas of Brazil, from open areas up to the forests of Cerrado, Caatinga, and Pantanal. They are herbivores and feed on leaves and fruits (Bonvicino et al., 2008) . In McKenna and Bell (1997) , the stratigraphic distribution of Thrichomys is from the late Miocene to recent. However, the Miocene fossil record of this taxon is questionable (see Verzi et al., 1995) . The confident fossil record of Thrichomys is very scarce, represented by a few Quaternary records in the Mato Grosso do Sul, Goiás, Minas Gerais, Pernambuco, and Piauí states of Brazil (Paula Couto, 1971; Guérin et al., 1993; Salles et al., 1999; Rodrigues et al., 2011) , and now in Ceará State.
FINAL REMARKS
Previous records of Quaternary rodents from northeast Brazil were exclusively from Bahia, Sergipe, Rio Grande do Norte, Pernambuco, and Piauí states (Oliveira et al., 1985; Guérin et al., 1993; Lessa et al., 2008; Dantas, 2009; Rodrigues et al., 2011) , and now we are reporting a new assemblage for Ceará State. Unfortunately, some materials are very fragmented or there is a complex taxonomic situation in the living forms. Thus, it is not possible to assign a definite species name, such as in Thrichomys and cf. Dasyprocta.
The data reported here contribute to the knowledge of the Brazilian Quaternary rodents and shows the fossil potential of the studied area. Another Quaternary rodent found in Ubajara is the erethizontid Coendou prehensilis (Linnaeus, 1758) from the Urso Fóssil cave, but its stratigraphic provenance is not known exactly (Oliveira, 2010) .
The material here reported is derived from levels with an age of about 8,000 years BP, corresponding to the early Holocene. Like the tayassuids, marsupials, and xenarthrans from these levels (Oliveira, 2010) , the caviomorphs do not indicate any faunistic turnover during the Holocene in comparison with the living fauna.
The climates of the late Pleistocene and early Holocene in the northeast region were different from the present, with more humid and colder conditions, and there was a gradual increase in drier conditions throughout the Holocene (see de Oliveira et al., 2005 and references therein). The paleoecological indications of the taxa reported here are in accordance with the mosaic composition of the current environments of the Ubajara region, with humid forest at higher altitudes and open and dryer areas on the plains.
Mammalian faunas of the Holocene, with precise stratigraphic control, have been poorly studied from a paleontological point of view in Brazil. Recent studies have revealed interesting facts in other regions, showing recent extinctions, such as the case of southern Brazil. In this region, Hadler et al. (2008) reported the presence of some rodents distinct from the recent fauna, including a new species, Clyomys riograndensis. Recently, Rodrigues et al. (2011) reported the presence of a new Holocene vertebrate assemblage from Pernambuco State. In that work, the authors recognized, for the first time in the Quaternary of northeast Brazil, the presence of the rodent Phyllomys, which indicates the presence of more humid conditions in this area during some periods of the Holocene. To analyze these aspects in the karst of Ubajara, new fieldwork should be conducted to collect more material.
